or [3H] glucose into synaptosomal phosphatidate. This indicates that the synthesis of phosphatidate from glycerol 3-phosphate or dihydroxyacetone phosphate is unaffected by acetylcholine.
Evidence from experiments with various tissues shows that the increased labelling of phosphatidate is associated with muscarinic rather than nicotinic cholinergic receptors (Michell, 1975) though electric organ of Torpedo marmorata is an exception (Bleasdale et al., 1976) . If the major response of phosphatidate to acetylcholine is post-synaptic, it is difficult to understand why synaptosomal phosphatidate responds to this agonist. Synaptosomes are essentially pre-synaptic nerve terminals and though post-synaptic membranes are attached at the junctional complex they will be isolated from the metabolism of the synaptosome. There is also some confusion about the action of atropine, which blocks the action of acetylcholine on muscarinic receptors. Schacht & Agranoff (1 974) found that atropine blocked the increased labelling of phosphatidate due to acetylcholine when synaptosomes were incubated with 32PI. Yagihara et al. (1973) showed that the major increase in phosphatidate labelling was associated with the synaptic vesicle fraction, and more recent work (J. E. Bleasdale, unpublished observations) shows that atropine does not affect this increase.
As pointed out previously (Hawthorne & Bleasdale, 1975) effects of acetylcholine in vitro on a mixed population of synaptosomes from brain cortex may not be Table 1 . Efect of electrical stimulation on 32P-labelledphospholipids of subsynaptosornal membranes Synaptosomes were prepared from labelled brain as outlined in the text. Stimulation in vitro is described by Hawthorne & Bleasdale (1975 required for this re!pase, as in the physiological situation. Synaptosomes from guinea-pig brain cortex were stimulated by these methods in the presence of jZPi. Subsynaptosomal membrane fractions were then prepared by osmotic shock, and the labelling of their phospholipids was studied. Effects on phosphatidylinositol were variable, but there was a significant increase in phosphatidate labelling in a fraction rich in synaptic vesicles. Like transmitter release, this increased labelling was dependent on the presence of Caz+ in the medium (Hawthorne & Bleasdale, 1975) . The initial effect of stimulation could be a loss of phosphatidate so that experiments with 32P, are only measuring resynthesis. With this in mind the phospholipids of guinea-pig brain were labelled with 32P in uiuo, and synaptosomes prepared in the usual way. Electrical stimulation of such labelled synaptosomes caused loss of phospholipid.
After a 2 h labelling period in uiuo, phosphatidylinositol and phosphatidate took up most of the 32P and these radioactive phospholipids were found largely in the synaptosome fraction. Study of the subsynaptosomal membranes showed that the most highly labelled phosphatidylinositol was in the synaptic-vesicle fraction @), whereas the most highly labelled phosphatidate was in fraction E of Whittaker et al. (1964) which contains 'microsomal' membranes. This fraction E contains cholinesterase, and, since there is little endoplasmic reticulum within nerve endings, much of it may originate from the outer synaptosomal membrane. The phosphatidate of fraction I, which contains damaged and whole synaptosomes, was also well labelled. Electrical stimulation (Table 1) caused loss of phosphatidate radioactivity from fraction E, but not from fraction I, and loss of phosphatidylinositol radioactivity from the vesicle fraction. For phosphatidate the loss represented 90 % of the radioactivity and for phosphatidylinositol 74 %. Other phospholipids were not affected and were poorly labelled in comparison. Schacht & Agranoff (1974) suggest that the loss of 32P from phosphatidate when synaptosomes are incubated with acetylcholine is due to activation of phosphatidate phosphohydrolase. The loss could also be due to conversion of phosphatidate into CDP-diacylglycerol. In further experiments with electrically stimulated synaptosomes the concentrations of the two compounds were studied. Table 2 shows that there was a net loss of phosphatidate and a net increase in CDP-diacylglycerol after stimulation for l0min. The results do not exclude the hydrolysis of phosphatidate to diacylglycerol, since, in spite of the presence of the inhibitors, ATP was available for the resynthesis of phosphatidate. Some CDP-diacylglycerol was presumably being converted into phosphatidylinositol during the incubation, but at a lower rate than the synthesis of the CDP derivative.
The significance of the phosphatidate changes in relation to synaptic transmission is still not clear, but two comments can be made at this stage. First, the changes are likely to be associated with pre-synaptic events (depolarization, entry of Caz+ and transmitter release by exocytosis) and not with transmitter-receptor interactions. Secondly, the localization of the changes in fractionsD and E suggests that phosphatidate is involved in interactions between synaptic-vesicle membranes and the synaptosomal plasma membrane. Studies of phosphatidate metabolism in mammalian tissue have usually emphasized the function of this lipid as a central intermediate in the biosynthesis of all glycerolipids, through a series of reactions occurring at the endoplasmicreticulum and to a lesser extent in mitochondria. In these pathways, phosphatidate is synthesized de nouo from either glycerol 3-phosphate or dihydroxyacetone phosphate and is then either converted into 1,2-diacylglycerol, which is used for the biosynthesis of the major glycerolipids, or incorporated intact into certain quantitatively minor glycerolipids (see Scheme 1).
In this paper we consider a different set of pathways, this time involving the formation of phosphatidate from 1 ,Zdiacylglycerol that is derived from pre-formed glycerolipids.
Present evidence suggests that these reactions are localized at a subcellular site, probably the plasma membrane, that is distinct from the site of glycerolipid synthesis de novo at the endoplasmic reticulum, and that the phosphatidate and diacylglycerol involved in these reactions form a metabolic pool distinct from that at the endoplasmic reticulum.
Enzymes that phosphorylate 1,2-diacylglycerol to phosphatidate (diacylglycerol kinases) have been described in a variety of tissues, including brain (Hokin & Hokin, 1958; Lapetina & Hawthorne, 1971) , erythrocytes (Hokin & Hokin, 1963) , pancreas (Prottey & Hawthorne, 1967) , polymorphonuclear leucocytes (Sastry & Hokin, 1966) , lymphocytes (Fisher & Mueller, 1971 ) and platelets (Call & Rubert, 1973) . Several of these studies have suggested that this activity is concentrated in the plasma membrane rather than in the endoplasmic reticulum, the best evidence being provided by the membrane-bound diacylglycerol kinase of the erythrocyte (Hokin & Hokin, 1963) .
Although the known function of the phosphatidate phosphohydrolase activity (EC 3.1.3.4) of endoplasmic reticulum, mitochondria and the cytosol is to dephosphorylate phosphatidate during glycerolipid synthesis de nouo, a similar activity is also present at the plasma membrane where its function is not understood (Hokin et al., 1963; Coleman, 1968; Cotman et al., 1971) . Thus, at least in the erythrocyte, the plasma membrane contains both diacylglycerol kinase and phosphatidate phosphohydrolase (Hokin & Hokin, 1961) . It has been known for some years that erythrocytes, although incapable of synthesizing glycerolipids de novo, can incorporate 32P, into phosphatidate, diphosphoinositide and triphosphoinositide (Nelson, 1972) ; such labelling of phosphatidate probably reflects turnover of its phosphate headgroup through a cycle of dephosphorylation and rephosphorylation. When such a cycle is operating, the labelling of phosphatidate in the cells is likely to reflect the amount of diacylglycerol available at the plasma membrane at any particular time.
Usually the concentration of diacylglycerol in erythrocytes, and consequently their rate of incorporation of 32P into phosphatidate, is low, but recently we have found two situations in which an increase in the rate of production of diacylglycerol in the erythrocyte membrane was followed by a sharp rise in the labelling of phosphatidate. In the first, the production of diacylglycerol was accelerated when the intracellular Ca2+ concentration was raised, probably owing to the stimulation of a membrane-bound phospholipase C specific for phosphatidylcholine (Allan & Michell, 1975b , 1976 Allan et al., 1976a,b) , whereas in the second situation the diacylglycerol was produced by exposure of the intact erythrocytes to Clostridium welchii phospholipase C (Allan et al., 1975) . Although in these two situations the addition of diacylglycerol was initially to opposite faces of the plasma membrane, the lipid was phosphorylated rapidly VOl. 5
